Introduction
DIC is a non-linear low-pass spatial filtering operation; whether we consider the effect of the subset and shape function, 1 the strain Primary window used in the strain calculation, 2 or other post-processing of the results, 3 each decision will impact the spatial resolution 4 of the measurement. More fundamentally, the speckle size limits 5 the spatial resolution by dictating the smallest possible subset. After this decision the processing settings are controlled by the allowable noise level balanced by possible bias errors created by the data filtering. Stated in another way, the value reported by the software will always be some filtered and modified version of the true displacement or strain field. The question remaining at the analysis step is how much spatial resolution will be exchanged for a reduction in noise, i.e. filtering? This article describes a process to determine optimum DIC software settings to determine if the peak displacements or strains are being found.
Virtual Strain Gage (VSG) Study
The point of a VSG-size study is to determine the optimum balance between filtering and noise in the DIC results. At this point the images are already acquired, and we can only control how we will post-process the images. Indeed, after this process is completed, it may be decided to return to the experiment and change the speckle size and FOV to obtain better spatial resolution! The VSG-study process is simple. Bring into the DIC analysis software the reference image, an unloaded ''noise'' image, and a maximum deformation image. By maximum deformation, I mean an image that is at the ''final'' deformation state where we would like to determine whether the strain gradients 6 are being captured. We limit the study to these three images to more quickly analyze the results over a number of software settings. Next, run a preliminary analysis and find regions of interest that have high strain gradients and extract the results of interest along a line. Once the smallest subset size has been determined, setup a grid of DIC software settings to vary that will influence the results. The list on the right is a good starting point of settings that can be varied; most codes (but maybe not all) have similar settings that may go by slightly different names. Run the analysis (SR). We can see that the large VSG (orange) underestimates the maximum strain by 6%; with increasingly smaller gages converging on a solution but with different levels of noise, with the smallest gage resolution being 188 με and the largest gage resolution 30 με. For this experiment an optimum setting that converges is a subset of 41, step of 5 and a strain window of 21.
This VSG study converges, in that we are able to reproduce the strain contour with increasingly larger gages. This will not always be the case. A different experiment 7 illustrates a case where convergence was not obtained even with the smallest VSG allowed by the underlying speckle pattern. In this situation the strain is only correctly captured up to the point where the results of the two strain gage sizes diverge, and the true strain is greater than (or maybe equal) to the value from the smallest gage. Lack of convergence is a common occurrence in DIC, particularly when used to measure near cracks, material failure points, and other strain concentrations that all exhibit extremely large strain gradients.
Convergence
I use ''convergence'' colloquially rather than in a mathematically rigorous way in this discussion.
8 Careful consideration should be used in determining when the VSG study has converged. I have used a rather intuitive definition of when the VSG-size increase does not change the value of the measurement. You cannot assume that you have converged at only your smallest VSG size if the results are not matched by increasingly larger sizes.
The Strain Gage Analogy
While it might seem from this discussion that DIC is inferior to strain gages in that DIC will spatially filter the results, this is incorrect: They both filter! The terminology ''virtual strain gage'' was chosen 2 because it behaves exactly the same as a physical strain gage; they both average the strain underneath the gage area. The strain gage community often forgets this and the values reported by the gages are assumed to be the true value: This may be incorrect. One of the great strengths of DIC is that you have a tool to determine whether you have converged on the correct strain value and have a small enough strain gage.
Conclusions
There is always a compromise between spatial filtering and resolution. Whether this is caused by increasing the subset size to limit the displacement noise, or having a larger VSG to obtain an acceptable strain resolution, the experimentalist must exercise judgment in choosing the best compromise. This article offers a simple and intuitive approach to assist in determining whether the bias errors from the filtering process are acceptable. A VSG-size study should be done for all tests and reported with the results.
Next Time: Series Conclusion.
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